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 Abstract: Dioxins are very persistent unwanted by-products of the manufacture of certain industrial 
chemicals or are produced during various combustion and incineration processes. From the 1930s until the 
1970s, PCBs were produced in many industrial countries, including the United Kingdom. The main purpose of 
this production was for use in electrical equipment. Dioxins and PCBs are environmental contaminants which 
find their way in very low concentrations into many food sources. They are particularly found in fatty foods, 
including milk. Although the industrial sources of dioxins and PCBs are now strictly controlled, both groups of 
chemicals are very persistent and will remain in the environment for many more years. Dioxin is an unintended 
byproduct of natural events such as volcanoes and forest fires as well as manmade processes such as 
manufacturing, incineration, paper and pulp bleaching, and exhaust emissions. It is found throughout the 
industrialized world in air, water, soil as well as in food. Exposure to dioxin can come through working in 
industries where dioxin is a byproduct, industrial accidents, through food and human breast milk and in drinking 
water. Overall, exposure to dioxin sources by skin contact or breathing has very small incidence. Despite the 
presence of dioxins in human milk, breast-feeding should be encouraged and promoted on the basis of 
convincing evidence of its benefits to the overall health and development of the infant.  
 
INTRODUCTION: DIOXINS AND PCBs LIKE COMPOUNDS 
 
 Dioxin is the name generally given to a class of super-toxic chemicals, the chlorinated 
dioxins and furans, formed as a by-product of the manufacture, molding, or burning of organic 
chemicals and plastics that contain chlorine (North Atlantic Treaty Organization, 1988). 
Dioxin form a class of chlorine-containing chemicals widely recognized as some of the most 
toxic chemicals ever made by humans. They are produced as the unwanted by-products of 
industrial processes involving chlorine or chlorine-containing materials such as the 
manufacture of polyvinyl chloride plastic (PVC); pesticide production; and paper bleaching 
(Safe S, 1994). The most toxic and widely studied form of dioxin is 2,3,7,8-
tetrachlorodibenzo- p-dioxin or TCDD. It is measured in parts per trillion (ppt)( Ablborg U G, 
Becking G C et al., 1994),.Dioxin is a colorless, odorless organic compound containing 
carbon, hydrogen, oxygen and chlorine.  
 Dioxins and PCBs are two groups of organic chemical contaminants that have made 
their way into the food chain. ‘Dioxins’ is a generic term given to polychlorinated dibenzo-p-
dioxins and dibenzofurans. Concerns over dioxins arose from one particular compound, 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), which was found to be toxic to some species of 
laboratory animals and also produced clinical effects in workers who were exposed to it 
through industrial accidents)( Ablborg U G, Becking G C et al., 1994). TCDD and 16 other 
dioxins which contain chlorine at positions 2, 3, 7 and 8 of the molecule may have some toxic 
effects, although the other 16 are thought to be less toxic than TCDD. At present, the 
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concentrations of these 17 dioxins are each multiplied by a weighting factor based on their 
relative toxicities to give the total dioxin content. The sums of these values it is known as 
‘Toxic Equivalents’ or TEQs)( Ablborg U G, Becking G C et al., 1994). Most dioxins do not 
contain chlorine at the toxic combination of positions 2, 3, 7 and 8 of the molecule, and so are 
believed to present no significant biological activity or safety risk (North Atlantic Treaty 
Organization, 1988). 
 Polychlorinated biphenyls (PCBs) are a group of 209 related compounds which differ 
only in the number and pattern of chlorine atoms which are attached to the biphenyl molecule. 
These compounds are termed congeners of PCBs. There are ten possible sites at which the 
chlorine atoms may be attached to the molecule, giving congeners with between 1 and 10 
chlorine atoms. The physical and chemical properties of PCBs show a gradation in increasing 
chlorination, with the more highly chlorinated congeners being the most fat soluble and the 
most stable. Of the 209 congeners of PCBs, a small number, less than 10% of the total, have 
been reported as having toxicological effects. As with the dioxins, the concentrations of the 
congeners of concern are assigned a weighting factor based on their relative toxicities. The 
sum of the weighted concentrations forms the 'Toxic Equivalent' or TEQ (Safe S, 1994, 
Ablborg et al., 1994). 
 Dioxin has a high affinity for fatty substances and is found adhered to or dissolved in 
fat tissue, where it can accumulate. Dioxin is formed by burning chlorine-based chemical 
compounds with hydrocarbons. The major source of dioxin in the environment (95%) comes 
from incinerators burning chlorinated wastes. Dioxin pollution is also affiliated with paper 
mills which use chlorine bleaching in their process and with the production of Polyvinyl 
Chloride (PVC) plastics. The major sources of dioxin are in our diet. Since dioxin is fat-
soluble, it bioaccumulates up the food chain and it is mainly (97.5%) found in meat and dairy 
products (beef, dairy products, milk, chicken, pork, fish and eggs in that order) (Department 
of the Environment, 1989, London). 
 Studies have shown that dioxin exposure at high levels in exposed chemical workers 
leads to an increase in cancer. Other studies in highly exposed people show that dioxin 
exposure can lead to reproductive and developmental problems, increased heart disease and 
increased diabetes. Dioxins ability to cause birth defects (teratogenicity) has not been 
established in humans but studies in mice have shown that dioxin and similar chemicals can 
produce congenital defects. Consumers who want to minimize their potential exposure to 
dioxin in the diet should follow advice to consume a low-fat, balanced diet. This includes: 
selecting lean cuts of beef, pork and poultry in the meat case; trimming and discarding fat 
from beef, poultry or seafood before eating, including any skin; choosing low-fat dairy 
products; and eating moderate portions of a wide variety of foods. 
 For some decades, PCBs particularly have been washed into the water courses in both 
North America and Europe and thence into the seas. This means that not only are they a 
contaminant of land masses but they are also pollutants of the marine food chain. Both dioxins 
and PCBs have been shown to be biomagnified as they progress through the food chain, 
forming concentrations in the fatty tissues of land animals and fish.  
 Today, the main source of human exposure to these compounds is through the 
consumption of fatty foods such as meat, fish, milk and milk products. Surveillance carried 
out by the Ministry of Agriculture, Fisheries & Food (MAFF) shows that there was a large 
decline in the estimated average UK dietary intake of PCBs from 1.0 mg / person / day in 
1982 to 0.34 m g / person / day in 1992 (Ministry of Agriculture Fisheries and Food, UK, 
1996). 
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CHEMICAL STRUCTURES AND PROPERTIES  
OF DIOXIN - TCDD, OTHER DIOXINS, AND DLCS 
 
 Dioxin is the common name of polychlorinated dibenzo-p-dioxin(PCDD) and 
polychlorinated dibenzofuran (PCDF). There are 75 PCDD congeners and 135 PCDF 
congeners in dioxin (Kunimasa Morita et al., 1999). In the case of PCDDs, the benzene rings 
are joined by two oxygen bridges, and in the case of the PCDFs, the benzene rings are 
connected by a carbon bond and an oxygen bridge. Figure 1 a) and b) show the generic 
structures of PCDDs and PCDFs, respectively( http://www.nap.edu/catalog/11688.html). 
Much of the environmental behaviour of polychlorinated biphenyls (PCBs) can be related to 
their physical characteristics. 
 The non-polar nature of PCBs means that they are strongly hydrophobic and thus 
strongly lipophilic. They exhibit a high predilection for smooth surfaces, and combined with 
their lipophilic and hydrophobic properties, this explains their presence absorbed on to soil 
and sediment particles. The high surface concentration of lipids and organic compounds tend 
to concentrate and stabilize PCBs on the surface of water bodies. All PCDDs and PCDFs are 
organic solids with high melting points and low vapor pressures. They are characterized by 
extremely low water solubility, and have a tendency for being strongly adsorbed on surfaces 
of particulate matter. The water solubility of dioxin and furans decreases and the solubility in 
organic solvents and fats increase with the chlorine content. Some of the key properties of the 
dioxins are presented in Table 1 and full physico-chemical properties have been reviewed. 
Each individual PCDD or PCDF is termed a congener (giving 210 in total), while groups of 
congeners with the same number of chlorine atoms are called homologues. The homologue 
groups are often abbreviated for convenience; for example, tetrachloro CDDs and CDFs 
(PCDD/Fs with four substituted chlorine atoms) are abbreviated to TCDDs (Table 1) (McKay 
G, 2002). The Reassessment addresses a limited number of chemical compounds within three 
subclasses of the halogenated aromatic hydrocarbons (HAHs): the polychlorinated dibenzo-p-
dioxins (PCDDs), the polychlorinated dibenzofurans (PCDFs), and the polychlorinated 
biphenyls (PCBs).  
 PCDDs and PCDFs have tricyclic (triple-ring) structures consisting of two benzene 
rings, with varying numbers of chlorines, connected by an oxygenated ring, with the 
oxygenated ring of PCDDs having two oxygen atoms (a dioxin, Figure 1a) and the 
oxygenated ring of PCDFs having a single oxygen atom (a furan, Figure 1b). PCBs have a 
variable number of chlorines attached to a biphenyl group (two benzene rings with a carbon-
to-carbon bond between carbon 1 on the first ring and carbon 1' on the second ring) (Figure 
2). Examples of some PCDDs, PCDFs, and PCBs of interest are shown in Figure 3. 
Brominated or mixed halogenated congeners within these classes of compounds or within 
other chemical classes, such as the polyhalogenated naphthalenes, benzenes, azobenzenes, and 
azoxybenzenes, have not been evaluated as extensively and are not addressed in the 
Reassessment. TCDD, the most studied and one of the most toxic members of these classes of 
compounds, is the designated reference chemical for the Reassessment and for other related 
literature. The Reassessment uses the terms “dioxins” and “dioxin-like compounds” in 
reference to any individual or any mixture of the addressed chemicals. These are general 
terms that describe chemicals that share defined similarities, including chemical structure and 
biological and toxicological character. However, of the several hundred HAH congeners, only 
29 are considered to have significant toxicity and to induce a common battery of toxic 
responses through similar biological modes of action. The evaluation of dioxin-like congeners 
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within the Reassessment focuses on dioxins and DLCs with TCDD-like toxicity and those 
generally considered the most associated with environmental and human health risks. These 
chemicals include PCDDs and PCDFs that retain chlorine substitutions at positions 2, 3, 7, 
and 8 on the benzene rings (see Figure 1). The remaining evaluated TCDD-like congeners 
include the PCBs with four or more chlorines in the lateral positions (3, 3', 4, 4', 5, or 5'), with 
established TCDD-like environmental and biological behaviors, and particularly the mono- 
and non-ortho PCBs—that is, PCBs with one or no, respectively, chlorine substitution in the 
ortho position (2, 2', 6, or 6') on the benzene rings (see Figure 2). 
 
Table 1 
Homologues and congeners of PCDDs, PCDFs and PCBs (http://www.nap.edu/catalog/11688.html) 
 
Number of congeners Homologue 
(abbreviation) PCBs PCDDs PCDFs 
Monochloro (M) 3 2 4 
Dichloro (D) 12 10 16 
Trichloro (Tr) 24 14 28 
Tetrachloro (T) 42 22 38 
Pentachloro (Pe) 46 14 28 
Hexachloro (Hx) 42 10 16 
Heptachloro (Hp) 24 2 4 
Octachloro (O) 12 1 1 
Nanochloro 3   
Decachloro 1   
Total 209 75 135 
 
 
 
Fig.1. Double benzene Ring Structure of (a) Dioxins  and (b) Furans (Health Risks from Dioxin and Related 
Compounds: Evaluation of the EPA Reassessment http://www.nap.edu/catalog/11688.html)  
 
 
Fig. 2. Biphenyls Ring Structure of PCBs (Health Risks from Dioxin and Related Compounds: Evaluation of the 
EPA Reassessment http://www.nap.edu/catalog/11688.html) 
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Fig. 3. Examples of toxic PCDDs, PCDFs, and PCBs of interest in the Reassessment. (Health Risks from Dioxin 
and Related Compounds: Evaluation of the EPA Reassessment http://www.nap.edu/catalog/11688.html) 
 
 
FORMATION AND EXPOSURE OF DIOXIN 
 
Many natural sources can release dioxins. For instance, before the large-scale 
manufacturing and use of chlorinated chemicals, the presence of these compounds was 
confirmed in historical times. Biological formation of PCDDS and PCDFs in sediments and 
soils, especially forest soils and sediments has been confirmed. Examination of PCDD/F 
congener profiles in uncontaminated forest soils and sediments and comparison with those of 
known sources has suggested that the presence of PCDD/Fs in these samples cannot be 
readily explained by inputs from man-made sources. Dioxins and furans (PCDD/Fs) are 
formed during incomplete combustion of organic material where chlorine is available in the 
feedstock or in the air supply during the combustion process, and they are also produced as 
trace contaminants in various industrial processes (Sean M. Hays and Lesa L. Aylward, 2003). 
But direct exposure of human populations occurs primarily due to accumulation of dioxins in 
the food chain. 
In addition, every person has some amount of dioxin in his or her body. This is 
because dioxin does not readily break down in the environment and continual low-level 
exposure leads to a “build-up” of dioxin in tissues (Department of the Environment, (1989). 
According to the EPA, over 96 percent of human exposure occurs through diet, primarily 
foods derived from animals. Dioxin in air settles onto soil, water, and plant surfaces. It then 
accumulates in the grazing animals which eat those plants. People then ingest the dioxin 
contained in meat, dairy products and eggs. Some exposure also comes from eating dioxin- 
contaminated fish. Dioxin-like compounds can travel long distances in the atmosphere. As a 
result, many individual sources may contribute to the dioxin levels deposited onto crops at a 
particular location. Dioxin exposure of the general population can be thought of as a problem 
of cumulative emissions from many sources (see fig. 4) ((Otles et al., 2003)). 
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DIOXINS AND PCBS IN THE FOOD CHAIN 
 
Both dioxins and PCBs enter the human food chain mainly through the intake of 
animal fats (see fig. 4). Dioxins are ubiquitous environmental contaminants and are generally 
present at very low concentrations in all foods but are especially found in fatty foods such as 
cows’ milk (Ministry of Agriculture Fisheries and Food, 1997). Although the use of PCBs is 
now severely restricted it has been estimated that total world production from the 1930s to 
1980s was between one and two million tones.  
 
 
 
Fig. 4.  Pathways leading to exposure to dioxin and dioxin-like compounds through the food supply 
 
The compounds are very resistant to degradation and, as a consequence, PCBs are still 
widely present in the environment, although at very low levels, and are still found in foods. 
The main sources of PCBs in the diet are from meat, fish and milk (see fig. 4). Within the 
United Kingdom, MAFF have been carrying out regular surveillance programs on PCBs and 
dioxins in the diet, particularly in cows’ milk, fish and fish products (Ministry of Agriculture 
Fisheries and Food, 1998). The results of a study on retail samples of cows’ milk carried out 
in 12 areas of England during 1995 and reported in 1997 show that the levels of both dioxins 
and PCBs were well below the Maximum Tolerable Concentration (MTC) set by MAFF and 
the Department of Health (Ministry of Agriculture, Fisheries and Food, 1997).  
 The first U.S. nationwide food sampling with measurement of dioxins, dibenzofurans, 
and coplanar, mono-ortho and di-ortho polychlorinated biphenyls (PCBs) was conducted in 
2000 and the project was funding  by the C.S. Fund, Warsh-Mott Legacy, and the Albert 
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Kunstadter Family Foundation (Schecter A., et Al., 2001). Twelve separate analyses were 
conducted on 110 food samples divided into pooled lots by category. The samples were 
purchased in 1995 in supermarkets in Atlanta, GA, Binghamton, NY, Chicago, IL, Louisville, 
KY, and San Diego, CA(see Table 2 and Fig.5).  
 Human milk also was collected to estimate nursing infants’ consumption. The food 
category with highest World Health Organization (WHO) dioxin toxic equivalent (TEQ) 
concentration was farm-grown freshwater fish fillet with 1.7 pg/g, or parts per trillion ( ppt) , 
wet, or whole, weight. The category with the lowest TEQ level was a simulated vegan diet, 
with 0.09 ppt. TEQ concentrations in ocean fish, beef, chicken, pork, sandwich meat, eggs, 
cheese, and ice cream, as well as human milk, were in the range 0.33 to 0.51 ppt, wet weight. 
In whole dairy milk TEQ was 0.16 ppt, and in butter 1.1 ppt (see Table 2 and Fig.5).  
 Table 2 
Whole-Weight TEQ Levels of Dioxins, Dibenzofurans, and PCBs in Different Foods and in Human Milk 
(pg/g) and Lipid Percentages (SCHECTER A. et AL., 2001) 
 
Note. Except where otherwise stated, nondetects = ½ limit of detection. NQ, not quantifiable due to interference. 
aCorrected by factor of 1.08 to compensate for missing data. 
bCorrected by factor of 1.14 to compensate for missing data. 
cActual value may be higher. Totals not corrected to compensate for missing PCB data. 
 
 Mean daily intake of TEQ for U.S. breast-fed infants during the first year of life was 
estimated at 42 pg/kg body weight. For children aged 1–11 yr the estimated daily TEQ intake 
was 6.2 pg/kg body weight. For males and females aged 12–19 yr, the estimated TEQ intake 
was 3.5 and 2.7 pg/ kg body weight, respectively. For adult men and women aged 20–79 yr, 
estimated mean daily TEQ intakes were 2.4 and 2.2 pg/kg body weight, respectively. 
Estimated mean daily intake of TEQ declined with age to a low of 1.9 pg/kg body weight at 
age 80 yr and older. For all ages except 80 yr and over, estimates were higher for males than 
females. For adults, dioxins, dibenzofurans, and PCBs contributed 42%, 30%, and 28% of 
dietary TEQ intake, respectively. DDE was also analyzed in the pooled food samples(Schecter 
A., et Al., 2001). 
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      Fig. 5.  Dioxin, dibenzofuran and PCB TEQs in collected foods and in human milk, pg/g(ppt) wet weight    
  (Schecter. et AL., 2001) 
  
ANALYSIS OF DIOXIN AND DIOXIN-LIKE COMPOUNDS 
 
The close link between environmental pollution and its impact on wildlife and human 
health links environmental protection with the toxicological and biomedical fields. A 
combination of bio/chemical analytical tools will help to solve problems associated with 
detecting dioxin-like compounds. The chemical methods used for analyzing dioxin-like 
compounds are primarily gas chromatography (GC) with mass spectroscopy (MS) or electron 
capture detection (ECD)(Ballschmitter, K., Rappe, C., and Buser, H. R. 1989; EPA Method 
1613/ 1997). 
The biological methods in operation include biomarkers (e.g., wildlife/human effects), 
whole animal exposures (in vivo, laboratory exposure), cell- or organ-based bioassays (e.g., 
EROD, in vitro lucipherase) and protein binding assays (e.g., ligand binding as well as 
immunoassays). 
However, the biochemical screening methods could complement chemical 
instrumental analysis and in vivo studies. In order to explain how these various methods of 
detecting dioxin-like compounds could complement each other, we will start by examining 
each of the available methods in more detail: 
1. Classical chemical analysis (e.g., HRGC/HRMS) 
These methods are based on the separation and quantification of dioxin-like 
compounds from matrices on the basis of differences in their molecular size, charge, mass, 
polarities, and redox potentials. The advantages are the structure conformation, the congener 
and pattern specificity, the calculation of the TEQ by the TEF-concept and international 
standardization. Disadvantages include potential loss in specificity, not all standards of 
interest are available, high cost, a long time for analysis, the limited information on the 
biological potency and potential interactions in complex mixtures of dioxin-like compounds. 
2. Toxicological observations in wildlife 
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Several examples of in vivo toxicity have been observed in wildlife in areas with 
elevated levels of dioxin-like compounds, e.g., death of trout fry (40 ppt TCDD in eggs), 
reproductive abnormalities and death in mink (5–10 ppt in food; 1000 ppt body burden), 
development deformities in domestic chicken (5.8 ppt in eggs), egg mortality in cormorants 
and other fish-eating birds.  
3. In vivo laboratory studies 
Dioxin-like compounds caused a variety of effects in laboratory. These included 
hepatotoxicity, certain types of cancer, thymic atrophy, immunotoxicities, wasting syndrome, 
reproductive toxicity, and induction of enzymes/porphyrins. 
4. Cell culture-based bioassays (e.g., EROD, CALUX, P450HRGS) 
Unlike the calculated TEQ, which is based on an additive model of potency, the AhR-
based bioassays integrate all activities and possible interactions of all individual congeners in 
a complex mixture. This is a major advantage of the bioassays as the results directly provide a 
measure of the total sum of dioxin toxic equivalency (TEQ), which can be used as an REP 
measure in risk assessment cases.  
5. Immunoassays 
The most common immunoassays are the enzyme-linked immunoassay (EIA), the 
radioimmunoassay (RIA) and the fluorescence immunoassay (FI) . 
6. Modern bioanalysis for dioxin and dioxin-like compounds 
In the last two decades, a number of BDMs have been developed to assess dioxin-like 
activity of individual compounds or complex mixtures. These assays use a variety of end 
points, including enzyme and recombinant reporter gene induction ligand binding, increased 
protein expression, antibody binding, and cell proliferation or differentiation. 
 
CONCLUSIONS 
 
It is suggested that experiments to evaluate targeted intervention strategies involving 
changes in animal husbandry practices, and possibly further emissions controls, should be 
conducted. Based on these evaluations, specific steps and strategies designed to reduce levels 
of dioxins in the food supply can be implemented. The alternative is to implement additional 
control measures that will entail costs to society without any certainty that the intended 
benefits will be realized.  
The United States Environmental Protection Agency (USEPA) and other U.S. and 
international agencies have focused extensive efforts on the evaluation of the potential health 
risks of exposures to chlorinated dioxins (PCDDs), furans (PCDFs), and related dioxin-like 
polychlorinated biphenyls (PCBs). Extensive regulatory efforts over the past 20 years have 
also been made to control emissions of these compounds and thus to reduce exposures in the 
general population. Available data on emissions, environmental and food levels, and human 
body burdens of dioxins in the general population indicate a reduction in exposures and body 
burdens in the general population over the three decades from 1970 to 2000.  
Accurate information about the level of dioxin in the food, the amount of 
contaminated food consumed, and the duration of exposure to dioxin is needed to assess the 
actual risk of exposure.  
 In conclusion, regardless of the environmental scenario, dioxins and dioxin-like 
compounds may have the potential to be an occupational hazard, and therefore should not be 
overlooked when assessing potential risk. Although the industrial sources of dioxins and 
PCBs are now strictly controlled, both groups of chemicals are very persistent and will remain 
in the environment for many more years.  
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